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WHVWLILHVQXPHURXVSXEOLVKHGVFLHQWLILFSDSHUV WKHVHDQGGLVVHUWDWLRQV>@EHKDYLRURIFRQFUHWH LVVWLOOQRWZHOO
XQGHUVWRRGDQGH[SODLQHG
&RQFUHWHEHORQJVLQWRDJURXSRIWKHVRFDOOHGTXDVLEULWWOHPDWHULDOVDQGLWVFRPSOH[EHKDYLRURQWKHPDFUROHYHO
LVGHWHUPLQHGE\LWVKHWHURJHQHRXVVWUXFWXUHZKLFKFDQEHREVHUYHGDWWKHQDQRPLFURRUPDFUROHYHO)RUPRGHOLQJ
WKH FRPSOH[ SURFHVVHV LQ IUDFWXUH RI FRQFUHWH WKUHH EUDQFKHV RI VFLHQFHV FDQ EH DSSOLHG WKHRU\ RI SODVWLFLW\
IUDFWXUHPHFKDQLFVDQGFRQWLQXXPGDPDJHPHFKDQLFV5HJDUGOHVVRIZKLFKRIWKHWKUHHWKHRULHVLVDSSOLHGWKHUHDUH
VHYHUDOPDLQ LVVXHV WKH UHVHDUFKHUVDUHFRQIURQWHGZLWKRXWRIZKLFK WKHPRVW LPSRUWDQWDUHPLFURPHFKDQLFVRI
GDPDJHV ORFDOL]DWLRQRIGDPDJHVVL]HHIIHFWVDQGWKHTXHVWLRQHLWKHU WRDSSO\ WKHSKHQRPHQRORJLFDODSSURDFK LQ
VROYLQJWKRVHSUREOHPVRUWRUHVRUWWRWKHPLFURPHFKDQLFDODSSURDFK,QWKLVSDSHUDXWKRUVZHUHIRFXVLQJRQWKHODVW
WZRSUREOHPVVL]HHIIHFWVH[SODLQHGE\YDULRXVVFDOLQJODZVDQGGHFLVLRQPDNLQJZKDWZRXOGEHWKHEHVWZD\LQ
VROYLQJSUREOHPVRIPRGHOLQJWKHIUDFWXUHSURFHVVHVLQFRQFUHWHDQGFRQFUHWHVWUXFWXUHV
1XPHURXVPDFURVFRSLFPRGHOVEDVHGRQSODVWLFLW\WKHRU\IUDFWXUHRUFRQWLQXXPGDPDJHPHFKDQLFVKDYHEHHQ
SURSRVHG DQG LPSOHPHQWHG LQ ILQLWH HOHPHQW FRGHV ZLWK YDU\LQJ GHJUHHV RI VXFFHVV 7KH\ XVXDOO\ XVH YDULRXV
SDUDPHWHUV ZKLFK DUH GLIILFXOW WR GHWHUPLQH DQG QRPRGHO KDV EHHQ DEOH WR IXOO\ VLPXODWH DOO WKH DVSHFWV RI WKH
FRPSOH[QDWXUHRIIUDFWXUHLQFRQFUHWH$FWXDOO\HDFKRIWKRVHWKHRULHVVXSSOLHVRQO\SDUWLDOH[SODQDWLRQIRUIUDFWXUH
SURFHVVHVLQFRQFUHWHLHRQO\VRPHLQGLYLGXDODVSHFWVRIWKRVHSURFHVVHV7KLVLVZK\VRPHUHVHDUFKHUVKDYHWULHG
WR DSSO\PRUH FRPSOH[ SURFHGXUHV WKH VRFDOOHG FRPSOH[ V\VWHPV WKHRULHV OLNH WKH VWDWLVWLFDO SK\VLFV WKHRU\ RI
G\QDPLFDOV\VWHPVELIXUFDWLRQWKHRU\HWF
7KH ZHOO NQRZQ IDFW LQ PRGHOLQJ DQ\ SURFHVV LQ TXDVLEULWWOH PDWHULDOV OLNH URFNV VHD LFH ILEHU UHLQIRUFHG
FRPSRVLWHV RU FRQFUHWH LV WKH LQIOXHQFHRI VL]HV ± WKH VRFDOOHG VL]H HIIHFWVZKLFK KDVGXDO QDWXUH QDPHO\ERWK
VL]HVRIDVWUXFWXUHRUVSHFLPHQDQGRIGHIHFWVYRLGVFUDFNV LQKRPRJHQHLWLHV LQIOXHQFHWKHVWUXFWXUDOEHKDYLRU
XQGHU ORDGV DQG LQ SUHVHQFH RI GHIHFWV 7KH SUREOHP RI VL]H HIIHFW LV SDUWLFXODUO\ LPSRUWDQW WR VWUXFWXUDO DQG
JHRWHFKQLFDO HQJLQHHUV DQG WR JHRSK\VLFLVWV 7KH SUREOHP LV SUDFWLFDOO\ RI OHVVHU LQWHUHVW WR PHFKDQLFDO DQG
DHURVSDFHHQJLQHHUVEHFDXVHPRVWVWUXFWXUHVDUHWHVWHGDWIXOOVL]H7KHPDLQSUREOHPIRUWKHPLVWKHSUHGLFWLRQRI
WKHVWUXFWXUHOLIH LHH[WUDSRODWLRQLQWLPHUDWKHUWKDQVL]H,QVROYLQJFLYLOHQJLQHHULQJSUREOHPVHQJLQHHUVPXVW
LQHYLWDEO\ H[WUDSRODWH IURP UHGXFHGVFDOH ODERUDWRU\ WHVWV WR UHDO VWUXFWXUHV ZKLFK DUH WRR ODUJH WR EH WHVWHG
V\VWHPDWLFDOO\
0RGHOLQJ RI IUDFWXUH LQ FRQFUHWH FDQ EH FODVVLILHG LQ WKH WZR FDWHJRULHV PDFURVFRSLF PRGHOV EDVHG RQ WKH
SKHQRPHQRORJLFDO DSSURDFK DQG PRGHOV EDVHG RQ PLFURPHFKDQLFDO VROXWLRQV 7KH IRUPHU PRGHOV DUH EDVHG RQ
WKHRU\ RI SODVWLFLW\ DQG IUDFWXUHPHFKDQLFVZKLOH WKH ODWWHUPRGHOV DUH HVWDEOLVKLQJ WKH UHODWLRQVKLS EHWZHHQ WKH
PLFURVWUXFWXUH RI FRQFUHWH DQG LWV PDFURVFRSLF EHKDYLRU :KLFK RI WKRVH WZR DSSURDFKHV VKRXOG EH DSSOLHG LQ
VROYLQJFHUWDLQSUREOHPVUHODWHGWRIUDFWXUHSURFHVVLQFRQFUHWHVWUXFWXUHGHSHQGVRQWKHW\SHRIVWUXFWXUHW\SHDQG
ZD\RI ORDGLQJPDWHULDOSURSHUWLHVHWF ,QVRPHFDVHV WKHIRUPHUDSSURDFKKDVDGYDQWDJHVZKLOH IRUVRPHRWKHU
SUREOHPVWKHODWWHUDSSURDFKLVWKHEHWWHUVROXWLRQ&RPELQDWLRQRIERWKDSSURDFKHVFDQDOVREHFRQVLGHUHGWKRXJKLW
SRVHVSUREOHPVUHODWHGWRWRRFRPSOH[PDWKHPDWLFDODSSDUDWXVRULPSRVVLELOLW\RIQXPHULFDOVLPXODWLRQV
6L]HHIIHFWLQPRGHOLQJWKHFRQFUHWHIUDFWXUH
&RQFUHWH PD\ EH FRQVLGHUHG DV WKH FRPSRVLWH PDWHULDO FRQVLVWLQJ RI WKH WKUHH PDLQ FRPSRQHQWV WKH FHPHQW
PDWUL[WKHDJJUHJDWHVDQGWKHLQWHUIDFH±WKHWUDQVLWLRQOD\HUWKHVRFDOOHGWUDQVLWLRQKDOR7KLVWUDQVLWLRQ]RQHLVWKH
PRVW SRURXV SDUW RI WKH FRPSRVLWH DQG LV FRQVLGHUHG DV WKH ZHDNHVW ,QLWLDWLRQ RI WKH FRQFUHWH GDPDJHV DOZD\V
DSSHDUV LQ WKLV ]RQH 7KH QDWXUH RI FRQFUHWH LV VRPHZKDW SDUWLFXODU VLQFH HYHQ EHIRUH DQ\ ORDG LV DSSOLHG WR D
FRQFUHWHVWUXFWXUHWKHPDWHULDOFRQWDLQVPDQ\PLFURFUDFNV7KH\DUHWKHFRQVHTXHQFHRIFRQFUHWHVKULQNDJHDQGWKH
KHDWGHYHORSPHQWLQWKHSURFHVVRIFRQFUHWHK\GUDWLRQ2QFHWKHORDGLVDSSOLHGWKRVHSUHH[LVWLQJPLFURFUDFNVVWDUW
WRSURSDJDWHDQG LQWHUDFWFUHDWLQJDQHWZRUNRIFUDFNV WKXV IRUPLQJPDFURFUDFNVZKLFKFDXVH WKHSKHQRPHQRQ


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
0LFURPHFKDQLFVDQGORFDOL]DWLRQRIGDPDJHVE\WKHVDPHDXWKRUV

198   Jelena M. Djoković et al. /  Procedia Engineering  65 ( 2013 )  196 – 205 
NQRZQDVVWUDLQVRIWHQLQJRUWKHGDPDJHORFDOL]DWLRQ7KHH[SHULPHQWDOO\REVHUYHGVWUXFWXUDOVL]HHIIHFWDVZHOODV
WKH UHODWHG VSXULRXV HIIHFW RI WKH PHVK VL]H SUHVHQWV WKH PRVW SRWHQW DUJXPHQW IRU WKH DSSOLFDWLRQ RI IUDFWXUH
PHFKDQLFVWRFRQFUHWHVWUXFWXUHV
7KHTXDVLEULWWOHPDWHULDOVGXHWRWKHIDFWWKDWWKH\GRQRWKDYHHQRXJKSODVWLFUHVHUYHDUHFKDUDFWHUL]HGE\WKH
JUDGXDO VRIWHQLQJ LQ WKH IUDFWXUH SURFHVV ]RQH :LWK PHQWLRQHG IRUPDWLRQ RI PDFUR FUDFNV WKLV SURFHVV ]RQH
EHFRPHV RI VLJQLILFDQW VL]H ZLWK UHVSHFW WR WKH FRQFUHWH VSHFLPHQ
V RU FRQFUHWH VWUXFWXUH
V VL]H 7KLV SUREOHP LV
SUHVHQW UHJDUGOHVV RI WKH W\SH RI ORDG WKH FRQFUHWH LV VXEMHFWHG WR LH ZKHWKHU LW LV ORDGHG LQ WHQVLRQ RU
FRPSUHVVLRQ7KLVLVWKHVRFDOOHGVFDOLQJSUREOHPZKHQWKHVL]HRIDGHIHFWLQWKLVFDVHFUDFNDQGLWVSURFHVV]RQH
ZLWKSURPLQHQWSODVWLFLW\EHFRPHVFRPSDUDEOHWRGLPHQVLRQVRIWKHVSHFLPHQ
7KHSUREOHPRI VFDOLQJZDV ILUVWQRWLFHGDQGH[WHQVLYHO\ VWXGLHG LQ IOXLGG\QDPLFV ,Q VROLGPHFKDQLFV LWZDV
QHJOHFWHG IRU D ORQJ WLPH VLQFH LQ SODVWLFLW\ WKHRU\ WKH GRPLQDQWZDV WKH FRQFHSW RI FULWLFDO VWUHVVZKLFK LV WKH
PDWHULDOSURSHUW\DQGLWLVQRWDIIHFWHGE\WKHVL]HRIVSHFLPHQ:LWKGHYHORSPHQWRIIUDFWXUHPHFKDQLFVZKHUHWKH
GRPLQDQW LV WKH FRQFHSW RI WKH FULWLFDO FUDFN VL]H WKH VFDOLQJ LH WKH VL]H HIIHFW EHFDPH VXEMHFW RI LQWHUHVW
+RZHYHU WKLVZDVQRWWKHFDVHZKHQWKHLQLWLDOVWDWHRI IUDFWXUHLVFRQVLGHUHGQDPHO\ZKHQODZVRIOLQHDUHODVWLF
IUDFWXUH PHFKDQLFV /()0 DUH YDOLG 7KH VL]H HIIHFW EHFRPHV WKH FUXFLDO SRLQW ZKHQ WKH QRQOLQHDU IUDFWXUH
PHFKDQLFV 1/)0 LV LQYROYHG LH ZKHQ WKH FUDFN VL]H EHFRPHV VLJQLILFDQW 7RGD\ WKHUH H[LVW WZR WKHRULHV LQ
H[SODLQLQJWKHVL]HHIIHFWLQVROLGPHFKDQLFVWKHRU\EDVHGRQHQHUJHWLFVWDWLVWLFDOVFDOLQJDQGWKHRU\EDVHGRQIUDFWDO
JHRPHWU\
7KHVFDOLQJLHWKHFKDQJHRIUHVSRQVHZKHQWKHVSDWLDOGLPHQVLRQVDUHVFDOHGXSRUGRZQZKLOHWKHJHRPHWU\
DQGDOORWKHUFKDUDFWHULVWLFVDUHSUHVHUYHGLVDTXLQWHVVHQWLDOSUREOHPRIHYHU\SK\VLFDOWKHRU\,IWKHVFDOLQJLVQRW
XQGHUVWRRGDYLDEOHWKHRU\GRHVQRWH[LVW%DåDQW>@
7KHVRXUFHRIWKHHQHUJHWLFVL]HHIIHFWLVDPLVPDWFKEHWZHHQWKHVL]HGHSHQGHQFHRIWKHHQHUJ\UHOHDVHUDWHDQG
WKHUDWHRIHQHUJ\FRQVXPSWLRQE\IUDFWXUH$VLJQLILFDQWSDUWRIWKHIRUPHULQFUHDVHVDVWKHVTXDUHRIWKHVWUXFWXUH
VL]H ZKLOH WKH ODWWHU LQFUHDVHV LQ SURSRUWLRQ 7KHUHIRUH WKH QRPLQDO VWUHVV PXVW GHFUHDVH WR UHGXFH WKH HQHUJ\
UHOHDVH UDWHRI VWUXFWXUH VRDV WRDFKLHYHDPDWFK7ZRVLPSOHNLQGVRI VL]HHIIHFWPD\EHGLVWLQJXLVKHG WKH VL]H
HIIHFWLQVWUXFWXUHVZLWKQRWFKHVRUODUJHFUDFNVDWWKHPD[LPXPORDGDQGWKHVL]HHIIHFWZKHQWKHIDLOXUHRFFXUVDW
WKHLQLWLDWLRQRIIUDFWXUHIURPDVPRRWKVXUIDFH>@7KHILUVWVL]HHIIHFWLVW\SLFDOIRUUHLQIRUFHGFRQFUHWHVWUXFWXUHV
ZKHUHWKHUHLQIRUFHPHQWPDNHVSRVVLEOHVWDEOHJURZWKRIODUJHFUDFNVEHIRUHWKHPD[LPXPORDG,WDOVRRFFXUVZKHQ
WKHUHLVDODUJHFRPSUHVVLYHVWUHVVSDUDOOHOWRWKHFUDFNIRULQVWDQFHLQWKHIUDFWXUHRIGDPV7KHVHFRQGHIIHFWRFFXUV
ZKHQ WKHPD[LPXPORDG LQDPDWHULDOZLWKD ODUJHIUDFWXUHSURFHVV]RQH LV UHDFKHGDW IUDFWXUH LQLWLDWLRQIURPWKH
VXUIDFHIRULQVWDQFHWKHPRGXOXVRIUXSWXUHWHVW7KHFDSDELOLW\WRFRUUHFWO\UHSURGXFHWKHVL]HHIIHFWLVDQLPSRUWDQW
FKHFNRQWKHYDOLGLW\RIDQ\FRPSXWDWLRQDOPRGHOIRUDTXDVLEULWWOHVWUXFWXUH7RVLPXODWHWKHTXDVLEULWWOHVL]HHIIHFW
WUDQVLWLRQDOEHWZHHQSODVWLFLW\DQG/()0QRQORFDOPDWHULDOPRGHOVPXVWEHXVHG IRU WKHGHVFULSWLRQRIVRIWHQLQJ
GDPDJHLQILQLWHHOHPHQWSURJUDPV
:KHQ WKH PDWHULDO H[KLELWV WKH WLPHGHSHQGHQW EHKDYLRU VXFK DV YLVFRHODVWLFLW\ RU YLVFRSODVWLFLW\ FUHHS D
GLIIHUHQW W\SH RI VL]H HIIHFW LV FDXVHG ZKLFK LV YDU\LQJ ZLWK WLPH 7KLV LV GXH WR WKH IDFW WKDW WKH SUHVHQFH RI
YLVFRVLW\LQWKHPDWHULDOPRGHOLPSOLHVDFKDUDFWHULVWLFOHQJWKRIWKHPDWHULDODVZHOODVDFKDUDFWHULVWLFWLPH7KH
FKDUDFWHULVWLFOHQJWKSRVHVDOLPLWRQWKHGDPDJHORFDOL]DWLRQZLWKLQDIL[HGWLPHLQWHUYDODQGWKXVPD\SURGXFHZKDW
ORRNVDVDTXDVLEULWWOHVL]HHIIHFWEULGJLQJSODVWLFLW\DQG/()0ZKLFKDFWXDOO\LVQRWTXLWHWUXH7KHORFDOL]DWLRQ
OLPLWLQJSURSHUWLHVDVZHOODVWKHVL]HHIIHFWFDXVHGE\PDWHULDOYLVFRVLW\H[LVWVRQO\ZLWKLQDFHUWDLQOLPLWHGUDQJH
RIORDGLQJUDWHVDQGGXUDWLRQVRIORDGLQJDQGWKRVHSURSHUWLHVGLVDSSHDUZKHQWKLVUDQJHLVH[FHHGHGE\DIDFWRURI
RUPRUH2QWKHRWKHUKDQGYDULRXVTXDVLEULWWOHPDWHULDOVOLNHFRQFUHWHH[KLELWVL]HHIIHFWDQGGDPDJHEDQGVRI
ILQLWHWKLFNQHVVRYHUDQH[WUHPHO\EURDGUDQJHRIGHOD\WLPHVORDGGXUDWLRQVRUORDGLQJUDWHVVSDQQLQJRYHUDERXW
WHQRUGHUVRIPDJQLWXGH6XFKDEHKDYLRUFDQQRWEHFDSWXUHGE\YLVFRVLW\DQGWKHHQHUJHWLFVL]HHIIHFWLVWKHSURSHU
DSSURDFKDJDLQ>@
7KHVL]HHIIHFWLVGHILQHGE\FRPSDULQJJHRPHWULFDOO\VLPLODUVWUXFWXUHVRIGLIIHUHQWVL]HV,QWKHFDVHRIQRWFKHG
RU IUDFWXUHG VWUXFWXUHV WKH JHRPHWULF VLPLODULW\ PHDQV WKDW WKH QRWFKHV RU LQLWLDO FUDFNV DUH DOVR JHRPHWULFDOO\
VLPLODU )LJXUH  +HUH LV SUHVHQWHG D EULHI UHYLHZ RI WKH VFDOLQJ ODZV >@ 7KH UHVSRQVH TXDQWLW\ ZKRVH VL]H
GHSHQGHQFHLVWREHGHWHUPLQHGLVGHQRWHGDV<7KLVFDQEHWKHQRPLQDOVWUHQJWKWKHPD[LPXPGHIOHFWLRQRUWKH
PD[LPXP VWUDLQ %DåDQW ZDV IRFXVLQJ RQ FRPSDULQJ WKH QRPLQDO VWUHQJWK RU QRPLQDO VWUHVV DW IDLOXUH< V1
ZKLFKLVGHILQHGIRUWKH'DQG'FDVHVDV
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1 1
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
DQG

X
1 1
3F E'V  

UHVSHFWLYHO\ZKHUH3X LV WKHPD[LPXP XOWLPDWH ORDGE LV WKH VWUXFWXUH WKLFNQHVV IRU WKH FDVH WZRGLPHQVLRQDO
VLPLODULW\'LVWKHFKDUDFWHULVWLFGLPHQVLRQRUFKDUDFWHULVWLFVL]HZKLFKFDQEHFKRVHQDUELWUDULO\IRULQVWDQFHDV
WKHGHSWKRIEHDP WKH VSDQ WKHKDOI VSDQ WKHQRWFKGHSWKDQGVR IRUWKDQGF1 LV WKHFRHIILFLHQW LQWURGXFHG IRU
FRQYHQLHQFHLIV1LVWRFRUUHVSRQGWRVRPHFRPPRQO\XVHGVWUHVVIRUPXODV


DE

)LJ$UHDVRIHQHUJ\UHOHDVHLQVLPLODUVPDOODQGODUJHVSHFLPHQVDSDQHOZLWKWKHGHQVHO\FURVVKDWFKHGVOLSEDQGZLWKWKHOLQHFUDFN
*HQHUDOVFDOLQJODZLQDEVHQFHRIFKDUDFWHULVWLFOHQJWK
7KLVVFDOLQJODZLVDSSOLHGLQWKHRULHVZKHUHWKHUHLVQRFKDUDFWHULVWLFOHQJWK7KLVPHDQVWKDWWKHVFDOLQJUDWLRRI
WKHFRUUHVSRQGLQJUHVSRQVHV < < GHSHQGVRQO\RQWKHVL]HUDWLR ' 'O  RIWZRGLIIHUHQWVL]HV ' DQG'EXWLWLV
LQGHSHQGHQWRI WKHFKRLFHRI WKH UHIHUHQFH VLGH'7KHRULHV WRZKLFK WKLV VFDOLQJ ODZ LVDSSOLFDEOHDUHSODVWLFLW\
HODVWLFLW\ZLWKDVWUHQJWKOLPLWFRQWLQXXPGDPDJHPHFKDQLFVZLWKRXWQRQORFDOFRQFHSWVDQGOLQHDUHODVWLFIUDFWXUH
PHFKDQLFV/()07KHVFDOLQJODZIRUDOOWKRVHWKHRULHVLVDSRZHUODZ
  P< I< O O  
ZKHUHPLVDFRQVWDQW
7KLVSRZHUVFDOLQJODZPXVWKROGIRUHYHU\SK\VLFDOV\VWHPLQZKLFKWKHUHLVQRFKDUDFWHULVWLFGLPHQVLRQ7KLV
LQFOXGHVSODVWLFLW\RUHODVWLFLW\ZLWKDVWUHQJWKOLPLWDQGDOVRWKH/()07KLVLVVRGHVSLWHWKHIDFW WKDW WKHWHQVLOH
VWUHQJWK 
WI  <RXQJ
V HODVWLF PRGXOXV ( DQG IUDFWXUH HQHUJ\ *I FDQ EH FRPELQHG WR JLYH D OHQJWK TXDQWLW\


 I WO (* I ZKLFKZDV FDOOHG WKH FKDUDFWHULVWLF OHQJWK EXWZRXOG EHEHWWHU WR FDOO LW WKH FKDUDFWHULVWLF IUDFWXUH
SURFHVV]RQHVL]H
6FDOLQJODZIRUERXQGDU\YDOXHSUREOHPRIFRQWLQXXPPHFKDQLFV
*HRPHWULFDOO\ VLPLODU VWUXFWXUHV)LJXUH RI GLIIHUHQW VL]HV DUH UHODWHGE\ WKH DIILQH WUDQVIRUPDWLRQ DIILQLW\
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ZKLFKLVWKHWUDQVIRUPDWLRQRIFKDQJHRIVFDOH
L L[ [O 
ZKHUH[L DUH WKH&DUWHVLDQFRRUGLQDWHV IRU WKH UHIHUHQFH VWUXFWXUHRIFKDUDFWHULVWLF VL]H' L[ DUHFRRUGLQDWHV IRUD
JHRPHWULFDOO\ VLPLODU VFDOHG VWUXFWXUH DQG ' 'O   ZLWK ' EHLQJ WKH FKDUDFWHULVWLF VL]H RI WKH VFDOHG VWUXFWXUH
7KHRYHUEDUVDUHGHQRWLQJTXDQWLWLHVUHODWHGWRWKHVFDOHGVWUXFWXUH


DE

)LJ*HRPHWULFDOO\VLPLODUVWUXFWXUHVDZLWKRXWFUDFNVEZLWKVLPLODUFUDFNV

7KHVFDOLQJODZLQWKLVFDVHUHDGV
 P$ $O  
ZKHUH$DQG $ DUHFKDUDFWHULVWLFYDULDEOHVIRUWKHVFDOHGDQGUHIHUHQFHVWUXFWXUHUHVSHFWLYHO\9DOXHVRIFRHIILFLHQW
P DUHGLIIHUHQW IRUYDULRXV VWUXFWXUHV)RUHODVWLFSODVWLF VWUXFWXUH P  ,Q OLQHDUHODVWLF IUDFWXUHPHFKDQLFV WKH
YDOXHLVP ±
,Q)LJXUHDUHSUHVHQWHGVL]HHIIHFWODZVIRUOLPLWLQJFDVHVRIGLIIHUHQWWKHRULHV>@



)LJ6L]H(IIHFW/DZVDV\PSWRWHVIRUOLPLWLQJFDVHVRID6WUHQJWK&ULWHULRQE/()0
F7UDQVLWLRQDO6L]HHIIHFW&XUYHIRU1RQOLQHDU)UDFWXUH0HFKDQLFV1/)0

$SSOLFDWLRQRIWKHSRZHUVFDOLQJODZLQVRPHFDVHVSURGXFHVVRPHDQRPDORXVHIIHFWV)RULQVWDQFHLQWKHFDVHRI
WKHIORDWLQJHODVWLFSODWHVZLWKODUJHEHQGLQJIUDFWXUHVDQGDQHJOLJLEOHSURFHVVVKRZQWKHFRHIILFLHQWLQSRZHUODZLV
P ±DQGLWDSSHDUVWKDWWKHQRPLQDOVWUHQJWKLVSURSRUWLRQDOWRVL]H7KLVLVWKHFDVHRIWKHODUJHLFHSODWHV
IORDWLQJ LQ WKH RFHDQ 7KH DQRPDO\ LV FDXVHG E\ WKH IDFW WKDW WKH SODWH WKLFNQHVV ZKLFK LV WKH RQO\ JHRPHWULF
GLPHQVLRQSUHVHQWLVQRWDGLPHQVLRQLQWKH'GRPDLQRIWKHERXQGDU\SUREOHP$QRWKHUDQRPDORXVHIIHFWLVIRU
WKHEUHDNRXWRIERUHKROHLQURFNVZKHUHWKHVL]HHIIHFWLVRIWKHW\SHVL]H+HUHLVDVVXPHGWKDWWKHIDLOXUHLVGXH
WRD]RQHSDUDOOHOVSOLWWLQJFRPSUHVVLRQFUDFNVZKRVHVSDFLQJLVJRYHUQHGE\EXFNOLQJFRQVLGHUDWLRQVDQGWKDWWKRVH
]RQHVDUHVLPLODUIRUGLIIHUHQWVL]HV

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%DåDQW
VDSSUR[LPDWHVL]HHIIHFWODZ
7KHIUDFWXUHUHVLVWDQFHRIPDQ\KHWHURJHQHRXVDJJUHJDWHPDWHULDOVVXFKDVURFNVFRQFUHWHVDQGYDULRXVFHUDPLFV
DVZHOO DV VRPHPHWDOV LV LQFUHDVHGE\D WRXJKHQLQJPHFKDQLVPZKLFK LVGXH WR VKLHOGLQJRI WKHFUDFN WLSE\D
QRQOLQHDU ]RQH RI GLVWULEXWHGPLFUR FUDFNLQJ RU YRLG IRUPDWLRQ 7KH IUDFWXUH HQHUJ\ GRHV QRW UHSUHVHQW WKH VROH
PDWHULDO FKDUDFWHULVWLFV RI IUDFWXUH EHKDYLRU$QRWKHU HVVHQWLDO FKDUDFWHULVWLFV LV WKH VL]H RI WKH QRQOLQHDU IUDFWXUH
SURFHVV]RQHDWWKHFUDFNWLS7KHVL]HRIWKHIUDFWXUHSURFHVV]RQHLQZKLFKPLFURFUDFNLQJRUYRLGIRUPDWLRQWDNHV
SODFHLVHVVHQWLDOO\WKHPDWHULDOSURSHUW\,WLVGHWHUPLQHGE\WKHVL]HRIWKHLQKRPRJHQHLWLHVLQWKHPLFURVWUXFWXUH
VXFK DV WKH PD[LPXP JUDLQ VL]H LQ URFN RU WKHPD[LPXP DJJUHJDWH VL]H LQ FRQFUHWH ,I WKH VL]H RI WKLV ]RQH LV
QHJOLJLEOHFRPSDUHGWRWKHVSHFLPHQRUVWUXFWXUHGLPHQVLRQVWKHIUDFWXUHEHKDYLRUDSSURDFKHVWKDWRIOLQHDUHODVWLF
IUDFWXUHPHFKDQLFV ,I WKH VL]HRI WKLV]RQHHQFRPSDVVHVDOORU WKHPRVWRI WKH VSHFLPHQRU VWUXFWXUHYROXPH WKH
IDLOXUHLVGHWHUPLQHGE\DVWUHQJWKRU\LHOGFULWHULRQ,IWKHVL]HRIWKLV]RQHLVLQWHUPHGLDWHWKHIUDFWXUHEHKDYLRULV
WUDQVLWLRQDOEHWZHHQWKHVWUHQJWKFULWHULRQDQGWKHOLQHDUHODVWLFIUDFWXUHPHFKDQLFV
%DåDQW>@VKRZHGWKDWWKHVFDOLQJODZLQWKHPRVWJHQHUDOFDVHFDQEHZULWWHQDV
^ `        1 X%I $ $ G GV E E E E E  ª º       ¬ ¼ 
ZKHUH G LV WKH FKDUDFWHULVWLF GLPHQVLRQ RI WKH VSHFLPHQ% G$$« DUH HPSLULFDO FRHIILFLHQWV IX LV VRPH
PHDVXUHRI WHQVLOHVWUHQJWKDQGV1 LV WKH WHQVLOHVWUHQJWKDQGSDUDPHWHUEFKDUDFWHUL]HV WKHUHODWLYHVWUXFWXUHVL]H
(TXDWLRQUHSUHVHQWVDQDV\PSWRWLFH[SDQVLRQZLWKUHVSHFWWRDQLQILQLWHO\ODUJHVSHFLPHQ)RUWKHVL]HUDQJHXS
WR   WKLV DV\PSWRWLF VHULHV FDQ EH WUXQFDWHG DIWHU WKH ILUVW WHUP DQG WKH WUXQFDWHG H[SUHVVLRQ UHSUHVHQWV WKH
%DåDQW
VVL]HHIIHFWODZ


1 X
G%I GV
§ · ¨ ¸© ¹

)RU WKH FDVH G G HTXDWLRQ \LHOGV 1 GV v ZKLFK LV WKH IRUP RI WKH VL]H HIIHFW IRU HYHU\ IRUPXOD RI OLQHDU
HODVWLFIUDFWXUHPHFKDQLFV,I G G H[SUHVVLRQUHGXFHVWR 1 X%IV  ZKLFKLVWKHYDOXHRIWKHQRPLQDOVWUHVVDW
IDLOXUH DFFRUGLQJ WR WKH \LHOG FULWHULRQ )RU WKH LQWHUPHGLDWH YDOXHV RI VL]HG H[SUHVVLRQ  GHVFULEHV D JUDGXDO
WUDQVLWLRQIURPWKHIDLOXUHVJRYHUQHGE\WKHVWUHQJWKFULWHULRQWKHSODVWLF\LHOGFULWHULRQWRWKHIDLOXUHVJRYHUQHGE\
WKH/()0([SUHVVLRQ LVYDOLG IRUVSHFLPHQV WKDWDUH VLPLODUQRWRQO\ LQ'EXWDOVRIRUVSHFLPHQV WKDWDUH
VLPLODULQ'7KHVL]HHIIHFWODZFDQEHWUDQVIRUPHGWRDOLQHDUUHJUHVVLRQSORWDV
< $; &  
ZKHUH$UHSUHVHQWVWKHVORSHRIWKHUHJUHVVLRQOLQHRIWKHPHDVXUHG 1V YDOXHVLQWKHSORW<LQWHUPVRIGZKLOHFLV
WKH<D[LV LQWHUFHSW RI WKH UHJUHVVLRQ OLQH &RHIILFLHQWV% DQGG FDQ EHPHDVXUHG YDOXHV RI WKHPD[LPXP ORDG
/LQHDUUHJUHVVLRQSORWIRUFRQFUHWHLVSUHVHQWHGLQ)LJXUH
7KHEULWWOHQHVVQXPEHU
7R FKDUDFWHUL]H WKH EULWWOHQHVV RI WKH VWUXFWXUDO UHVSRQVH TXDQWLWDWLYHO\ YDULRXV GHILQLWLRQV RI WKH VRFDOOHG
EULWWOHQHVV QXPEHUV KDYH EHHQ SURSRVHG > @ 7KH %DåDQW
V EULWWOHQHVV QXPEHU E LV WKH RQO\ RQH ZKLFK LV
LQGHSHQGHQW RI WKH JHRPHWULFDO VKDSH RI WKH VSHFLPHQ ZKDW ZDV MXVWLILHG H[SHULPHQWDOO\ LQ >@ 7KLV EULWWOHQHVV
QXPEHULVGHILQHGDV G GE  DQGLWVYDOXHPD\EHFDOFXODWHGDV
 
 


 I I
J G '
J F F
DE D  
ZKHUH      
' GJ JD D LV DQ HIIHFWLYH VWUXFWXUDO GLPHQVLRQ D LV WKH LQLWLDO QRWFK OHQJWK DQG JD LV D
IXQFWLRQGHILQLQJWKHHQHUJ\UHOHDVHUDWH*

202   Jelena M. Djoković et al. /  Procedia Engineering  65 ( 2013 )  196 – 205 


)LJ/LQHDUUHJUHVVLRQSORWVIRUFRQFUHWHDQGPRUWDU17QRWFKHGWHQVLRQVSHFLPHQV3%WKUHHSRLQWEHQGVSHFLPHQV(&HFFHQWULF
FRPSUHVVLRQVSHFLPHQV

7KH IXQFWLRQV RI D UHSUHVHQW WKH QHFHVVDU\ FRUUHFWLRQ RI WKH UDWLR GFI ZKLFK PDNHV E LQGHSHQGHQW RI WKH
JHRPHWULFDOVKDSH:KHQE!WKHIDLOXUHPD\EHDQDO\]HGDFFRUGLQJWROLQHDUHODVWLFIUDFWXUHPHFKDQLFV:KHQ
EWKHIDLOXUHPD\EHDQDO\]HGRQWKHEDVLVRIWKHVWUHQJWKFULWHULRQRUSODVWLFOLPLWDQDO\VLV)RUE
QRQOLQHDU IUDFWXUHDQDO\VLV LV UHTXLUHG7KLVJUHDWO\VLPSOLILHVSUDFWLFDODSSOLFDWLRQV6LQFHYDULRXV W\SHVRIEULWWOH
IDLOXUHVRIFRQFUHWHVWUXFWXUHVVXFKDVWKHGLDJRQDOVKHDURIEHDPVSXQFKLQJVKHDURIVODEVWRUVLRQRIEHDPVSXOO
RXWRIEDUVDQGEHDPDQGULQJIDLOXUHVRISLSHVDUHZLWKLQWKHUDQJHRIQRQOLQHDUIUDFWXUHPHFKDQLFVDQGKDYHEHHQ
VKRZQ WR IROORZ %DåDQW
V VL]H HIIHFW ODZ WKH XVH RI WKH EULWWOHQHVV QXPEHU FDQ FRQVLGHUDEO\ VLPSOLI\ IDLOXUH
FDOFXODWLRQV
&UDFNSURSDJDWLRQDQGVL]HHIIHFWLQFRQFUHWHVWUXFWXUHV
7KHUHLVSOHQW\RIH[SHULPHQWDOHYLGHQFHRQWKHH[LVWHQFHRIVL]HHIIHFWLQFRQFUHWHVWUXFWXUHV7KHSUREOHPKDV
WZR DVSHFWV  VWDWLVWLFDO DQG GHWHUPLQLVWLF $OWKRXJK WKH VWDWLVWLFDO DVSHFWV DUH QRW QHJOLJLEOH WKH VFDOLQJ ODZ LV
FRQWUROOHGE\WKHVWUXFWXUDOHQHUJ\UHOHDVHGXHWRFUDFNLQJ,IDVWDEOHFUDFNJURZWKEHIRUHUHDFKLQJSHDNORDGZDV
SRVVLEOH VWURQJ VL]H HIIHFWPD\EH H[SHFWHG)RU LQILQLWHO\ ODUJH VWUXFWXUHV RI WKLV W\SH VFDOLQJ ODZEDVHGRQ WKH
OLQHDUHODVWLFIUDFWXUHPHFKDQLFVPXVWEHXVHG+RZHYHUFRQFUHWHVWUXFWXUHVIDLODWFUDFNLQLWLDWLRQZLWKRXWDQ\VL]H
HIIHFW LH VFDOLQJ ODZEDVHGRQ WKH VWUHQJWKFULWHULDDSSO\'XH WR WKH ILQLWH VL]HRI WKH FRQFUHWH IUDFWXUHSURFHVV
]RQHVL]HHIIHFWIRUDQ\VPDOOVWUXFWXUHPXVWH[LVW
&XUUHQWO\ WZRPDMRU FRPSOHWHO\ RSSRVLWH JURXSV RI GHWHUPLQLVWLF VFDOLQJ ODZV H[LVWZKLFK LQ D VLPSOH FORVH
IRUPGHILQHWKHVL]HHIIHFWSKHQRPHQRQIRUGLIIHUHQWSUREOHPV>@7KHILUVWJURXSRIVFDOLQJODZVLVEDVHGRQD
PXOWLIUDFWDODVSHFWVRIGDPDJH7KHIXQGDPHQWDODVVXPSWLRQLQPXOWLIUDFWDOGDPDJHFRQFHSWLVSHUIHFWKRPRJHQHLW\
RIWKHPDWHULDOZKHQVWUXFWXUHVL]H G of DQGVFDOLQJODZLVRIWKHIRUP


1
&$ GV
§ · ¨ ¸© ¹ 


ZKHUH 1V LVWKHQRPLQDOVWUHQJWKIDLOXUHORDGGLYLGHGE\FKDUDFWHULVWLFDUHDGLVWKHVWUXFWXUHVL]HPHDVXUH$DQG
&DUHWZRFRQVWDQWVREWDLQHGE\ILWWLQJWHVWRUFDOFXODWHGGDWD)LJXUHD$VFDQEHVHHQLI G of WKHQRPLQDO
VWUHQJWK 1V \LHOGVWRDFRQVWDQWYDOXHGLIIHUHQWWKDQ]HUR:KHQ G o  1V o f 7KLVPHDQVWKDWWKHVL]HHIIHFWLV
VWURQJRQO\LQOLPLWHGVL]HUDQJHZKLFKPD\EHODUJHURUVPDOOHUGHSHQGLQJRQWKHSUREOHPW\SH7KHVHFRQGJURXS
RIVFDOLQJODZVDUHLQ WKHIRUPRI WKH%DåDQW
VVL]HHIIHFW ODZZKLFKILQGVLWVSK\VLFDOEDFNJURXQGLQEDODQFH
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EHWZHHQUHOHDVHGDQGFRQVXPHGIUDFWXUHHQHUJ\7KHVHWZRODZVDUHVFKHPDWLFDOO\SUHVHQWHGLQ)LJXUHE
,QDQ\FRQFUHWHVWUXFWXUHFUDFNLQDFULWLFDOFURVVVHFWLRQVWDUWVZKHQWKHWHQVLOHVWUHVVEHFRPHODUJHUWKDQWHQVLOH
VWUHQJWK WIV ! 7KLVLVQHFHVVDU\FRQGLWLRQIRUFUDFNLQLWLDWLRQ2QFHWKHFUDFNLVLQLWLDWHGLWVIXUWKHUSURSDJDWLRQ
LV FRQWUROOHG E\ HQHUJ\ EDODQFH EHWZHHQ VWUXFWXUDO HQHUJ\ UHOHDVH UDWH G8GD DQG FRQFUHWH HQHUJ\ FRQVXPSWLRQ
OLPLW*IZKHUH8LVWKHHQHUJ\DFFXPXODWHGLQWKHVWUXFWXUHDQGDLVWKHFUDFNOHQJWK2QO\WZRFUDFNSURSDJDWLRQ
SRVVLELOLWLHVH[LVWZKHQ   IG8 GD *t WKHFUDFNSURSDJDWLRQZLOOEHXQVWDEOHDQGZKHQ   IG8 GD * WKHFUDFN
SURSDJDWLRQZLOOEHVWDEOH


DE
)LJ6FDOLQJODZVD0XOWLIUDFWDOGDPDJHDSSURDFKE%DåDQW
VVL]HHIIHFWODZULJKW

7KH VWUXFWXUDO HQHUJ\ UHOHDVH UDWH DQG WKHUHIRUH FUDFNLQJ LV JHQHUDOO\ D IXQFWLRQ RI JHRPHWU\ ORDGLQJ W\SH
SUREOHPW\SHDQGVL]H:LWKWKLVUHVSHFWWZRW\SLFDOVWUXFWXUHJHRPHWULHVH[LVW3RVLWLYHJHRPHWULHVZKHUHDIWHU
FUDFNLQLWLDWLRQXQVWDEOHFUDFNSURSDJDWLRQLVWDNLQJSODFHDQG1HJDWLYHJHRPHWULHVZKHUHWKHFUDFNDIWHULQLWLDWLRQ
JURZVLQDVWDEOHPDQQHU,QWKHFDVHRISRVLWLYHJHRPHWU\QRFUDFNSURSDJDWLRQLVSRVVLEOHDQGWKHUHIRUHWKHUHLV
QR UHDVRQ IRU VL]H HIIHFW LH VFDOLQJ ODZ EDVHG RQ VWUHQJWK FULWHULD PXVW EH HPSOR\HG +RZHYHU LQ WKH FDVH RI
QHJDWLYH JHRPHWU\ VWDEOH FUDFN SURSDJDWLRQ EHIRUH UHDFKLQJ SHDN ORDG LV SRVVLEOH$V D FRQVHTXHQFH VL]H HIIHFW
PXVW EH VWURQJ 7KRVH JHRPHWULHV DUH WZR H[WUHPH FDVHV KRZHYHU RQH KDV WR WDNH LQWR DFFRXQW WZR DGGLWLRQDO
DVSHFWV 7KH VL]H RI WKH FRQFUHWH IUDFWXUH SURFHVV ]RQH )3= LV D IXQFWLRQ RI DJJUHJDWH VL]H DQG LW KDV D ILQLWH
GLPHQVLRQ7KHUHIRUH LI WKHVL]HRI WKH)3=LV UHODWLYHO\ ODUJHZLWKUHVSHFW WR WKHVWUXFWXUHVL]H G o  WKH ORZHU
VFDOLQJ ODZ ERXQGDU\ FRQGLWLRQV PXVW DFFRXQW IRU WKLV HIIHFW 'XH WR WKH QRQOLQHDULW\ WKH IDLOXUH PRGH PD\ EH
FKDQJHGLHLQFHUWDLQVL]HUDQJHVWUXFWXUHPD\DFWDVDVWUXFWXUHRISRVLWLYHJHRPHWU\DQGLQDQRWKHUDVDVWUXFWXUH
RIQHJDWLYHJHRPHWU\
7KHVL]HHIIHFW LQFRQFUHWHVWUXFWXUHV LVD UHVHDUFK VXEMHFWRIPDQ\RWKHUDXWKRUVFRYHULQJGLIIHUHQWDVSHFWVRI
WKLVSUREOHP'L/X]LRHWDO>@IRULQVWDQFHFRQVLGHUHGVL]HHIIHFWLQWKHUPDOO\GDPDJHGFRQFUHWHZKLOH2\HZROH
HWDO>@FRQVLGHUHGHIIHFWVRIDJJUHJDWHVL]HVRQWKHSK\VLFDODQGPHFKDQLFDOSURSHUWLHVRIFRQFUHWHXVLQJDUWLILFLDO
DJJUHJDWHVHWF
3KHQRPHQRORJLFDORUPLFURPHFKDQLFDOVROXWLRQ"
0RGHOLQJ RI IUDFWXUH LQ FRQFUHWH FDQ EH FODVVLILHG LQ WKH WZR FDWHJRULHV PDFURVFRSLF PRGHOV EDVHG RQ WKH
SKHQRPHQRORJLFDO DSSURDFK DQG PRGHOV EDVHG RQ PLFURPHFKDQLFDO VROXWLRQV 7KH IRUPHU PRGHOV DUH EDVHG RQ
WKHRU\ RI SODVWLFLW\ DQG IUDFWXUHPHFKDQLFVZKLOH WKH ODWWHUPRGHOV DUH HVWDEOLVKLQJ WKH UHODWLRQVKLS EHWZHHQ WKH
PLFURVWUXFWXUHRIFRQFUHWHDQGLWVPDFURVFRSLFEHKDYLRU>@
7KH WKHRU\ RI SODVWLFLW\ DQG PRGHOV EDVHG RQ LW XVH D GHILQLWLRQ RI WKH \LHOG VXUIDFH WKH IORZ UXOH DQG WKH
KDUGHQLQJIXQFWLRQ)RUWKHVPDOOVWUDLQFDVHWKRVHPRGHOVDVVXPHWKDWWKHWRWDOVWUDLQFDQEHVSOLWLQWRWKHHODVWLF
DQGSODVWLFSDUWVZLWKDFRQVWLWXWLYHODZIRUWKHHODVWLFSDUW7KH\LHOGVXUIDFHGHILQHVWKHHODVWLFGRPDLQLQWKHVWUHVV
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VSDFHDQGLWVHYROXWLRQLVFRQWUROOHGE\WKHKDUGHQLQJIXQFWLRQZKLOHWKHHYROXWLRQRIWKHSODVWLFVWUDLQLVJRYHUQHG
E\WKHIORZUXOH
7KHFRQWLQXXPGDPDJHPHFKDQLFVGHVFULEHVWKHSURJUHVVLYHGHJUDGDWLRQRIPDWHULDOVWLIIQHVVGXHWRSURSDJDWLRQ
RIPLFUR FUDFNV7KHGHJUDGDWLRQGHJUHH LV GHILQHGE\ WKHGDPDJHSDUDPHWHUVZKLFK FDQEH VFDODUV D IDPLO\RI
YHFWRUV RU HYHQ D IRXUWKRUGHU WHQVRU 6LPLODU WR SODVWLFLW\ WKHRU\ GDPDJH PHFKDQLFV DOVR GHILQHV D GDPDJH
IXQFWLRQ ZKLFK FRQWUROV WKH LQLWLDWLRQ RI GDPDJH DV ZHOO DV WKH SURSDJDWLRQ IXQFWLRQV WKDW E\ WKH GDPDJH
SDUDPHWHUVGHILQHWKHGDPDJHIXQFWLRQHYROXWLRQ
7KHIUDFWXUHPHFKDQLFVFRQFHSWLVEHVWLOOXVWUDWHGE\WKHVRFDOOHGVLPSOHLVRWURSLFIDLOXUHPRGHO>@ZKHUHRQH
DVVXPHV WKDW WKHGHJUDGDWLRQRIPDWHULDO VWLIIQHVV LV LVRWURSLFDQG WKH3RLVVRQ
V UDWLR UHPDLQVXQDIIHFWHG WKXV WKH
IDLOXUHLVFKDUDFWHUL]HGE\DVLQJOHVFDODUSDUDPHWHU6LQFHWKHIUDFWXUHLQFRQFUHWHLVQRWDQLVRWURSLFSURFHVVVXFKD
VLPSOLILHGPRGHOFDQQRWGHVFULEHWKHGLIIHUHQFHEHWZHHQWHQVLOHDQGFRPSUHVVLYHEHKDYLRURIFRQFUHWH7KHPRGHOV
EDVHGRQWKHLVRWURSLFIDLOXUHDVVXPSWLRQKDYHVHYHUDOGHILFLHQFLHVWKH\FDQQRWLQFOXGHWKHYROXPHWULFH[SDQVLRQ
ZKLFKLVREVHUYHGLQXQLD[LDOFRPSUHVVLRQWHVWVDVZHOODVWKHODUJHWHQVLOHVWUDLQVDSSOLHGLQRQHGLUHFWLRQWKHIDFW
WKDW WKH VWLIIQHVV LV FRPSOHWHO\ ORVW LQ WKH ORDGLQJ GLUHFWLRQ DQG H[WUHPHO\ UHGXFHG LQ WKH ODWHUDO GLUHFWLRQV 7KH
DQLVRWURSLF IRUPXODWLRQV ZKLFK KDYH D KLJKHU OHYHO RI FRPSOH[LW\ DUH SURSRVHG LQ RUGHU WR UHVROYH WKRVH
GHILFLHQFLHV RI WKH VLPSOH PRGHOV /LQHDU HODVWLF IUDFWXUH PHFKDQLFV WKXV FDQ QRW H[SODLQ FRQFUHWH IUDFWXUH
+RZHYHUZKHQDSSOLHGLQWKHQRQOLQHDUIRUP1/)0ZLWKWDNLQJLQWRDFFRXQWWKHILQLWHQRQOLQHDU]RQHWKHVR
FDOOHGSURFHVV]RQHDWWKHFUDFNWLSLHDWWKHFUDFNIURQWVRPHIRUPRIVROXWLRQVFDQEHREWDLQHG
7KH HQHUJ\GLVVLSDWLRQGXULQJ WKH IUDFWXUHRI FRQFUHWH LV LQIOXHQFHGE\ WKHPHVRVWUXFWXUHRI WKHPDWHULDO WKH
ORDGLQJ DSSOLHG DQG WKH JHRPHWU\ RI WKH VSHFLPHQ >@ 7KH VSDWLDO GLVWULEXWLRQ RI WKH GLVVLSDWHG HQHUJ\ GHQVLW\
DFURVV WKH IUDFWXUH SURFHVV ]RQH )3= LV JRYHUQHG E\ ERWK VWDWLVWLFV DQG PHFKDQLFV 'HSHQGLQJ RQ WKH W\SH RI
ORDGLQJHLWKHU VWDWLVWLFDORUPHFKDQLFDOSURFHVVHVGRPLQDWH)RU LQVWDQFH WKH VKDSHRI VKHDUEDQGV LQFRQFUHWH LV
VWURQJO\ LQIOXHQFHG E\ WKH PHFKDQLFDO LQWHUDFWLRQ RI DJJUHJDWHV )RU WKLV W\SH RI ORDGLQJ WKH GHWHUPLQLVWLF
FRQWULEXWLRQRQWKHVKDSHRIWKH)3=LVVLJQLILFDQW
)RU WHQVLOH IUDFWXUH WKH WRUWXRVLW\ RI WKH SDWK RI WKH PDLQ FUDFN ZKLFK GLVVLSDWHV PRVW RI WKH HQHUJ\ LV
SUHGRPLQDQWO\GHWHUPLQHGE\WKHVWDWLVWLFVRIWKHUDQGRPDUUDQJHPHQWRIDJJUHJDWHV7KHUHIRUHWKHFUDFNSDWKVLQ
FRQFUHWH VXEMHFWHG WR WKH VDPH ORDGLQJ FRQGLWLRQV GLIIHU VLJQLILFDQWO\ ZKLFK LPSOLHV WKDW D SXUHO\ GHWHUPLQLVWLF
PHVRVFDOHPRGHOZKLFKGRHVQRWFRQVLGHUWKHVWDWLVWLFDOYDULDWLRQRIWKHIUDFWXUHSDWKVFDQQRWGHVFULEHWKH)3=RI
FRQFUHWH VXEMHFWHG WR WHQVLRQ +HQFH D GLUHFW GHWHUPLQDWLRQ RI WKH PHDQ )3= E\ PHVRVFDOH DQDO\VLV UHTXLUHV
DYHUDJLQJRIWKHUHVXOWVRIPHVRVFDOHDQDO\VHV
:LWKLQWKHIUDPHZRUNRIWKHQRQOLQHDUILQLWHHOHPHQWDQDO\VLVWKUHHPDLQDSSURDFKHVWRIUDFWXUHPRGHOLQJFDQEH
GLVWLQJXLVKHG &RQWLQXXP DSSURDFKHV GHVFULEH WKH IUDFWXUH SURFHVV E\ KLJKHURUGHU FRQVWLWXWLYH PRGHOV VXFK DV
LQWHJUDOW\SH QRQORFDO PRGHOV ,Q FRQWLQXXP PRGHOV ZLWK GLVFRQWLQXLWLHV FUDFNV DUH GHVFULEHG DV GLVSODFHPHQW
GLVFRQWLQXLWLHVZKLFKDUHHPEHGGHGLQWRWKHFRQWLQXXPGHVFULSWLRQ7KHGLVFUHWHDSSURDFKHVGHVFULEHWKHQRQOLQHDU
IUDFWXUHSURFHVVDVIDLOXUHRIGLVFUHWHHOHPHQWVVXFKDVWUXVVHVDQGEHDPV
7KHPLFURPHFKDQLFDOPRGHOLQJRIIUDFWXUHSURFHVVHVLQFRQFUHWHZDVGHVFULEHGDWOHQJWKLQWKHILUVWSDUWRIWKLV
VWXG\DQGZLOOQRWEHUHSHDWHGKHUH+RZHYHUWKHTXHVWLRQUHPDLQVZKLFKRIWKHWZRDSSURDFKHVLVEHWWHU$FWXDOO\
VXFKDTXHVWLRQLVVRPHZKDWDUWLILFLDORULOOSRVHG%RWKDSSURDFKHVDUHJRRGEXWFDQQRWEHDSSOLHGIRUVROYLQJDOO
W\SHV RI IUDFWXUH SURFHVVHV LQ FRQFUHWH :KHQ FRQVLGHULQJ WKH FRQFUHWH IUDFWXUH DW WKH PDFUR OHYHO WKH
SKHQRPHQRORJLFDODSSURDFKLVPRUHSODXVLEOH:KHQDWWHPSWLVPDGHWRH[SODLQKRZWKHIUDFWXUHVWDUWVZKDWFDXVHV
WKHFUDFNLQLWLDWLRQDQGSURSDJDWLRQWKHQWKHPLFURPHFKDQLFDODSSURDFKSURYLGHVIRUEHWWHUDQVZHUV%XWWKRVHWZR
DSSURDFKHVQHHGDOVR WREHFRQVLGHUHG WRJHWKHU VLQFH WKH IUDFWXUHDW WKHPHVRRUPDFUR OHYHOKDVDOVR WR LQFOXGH
FRQVLGHUDWLRQVIURPWKHPLFURPHFKDQLFDODQDO\VLVLQRUGHUWRREWDLQWKHFRPSOHWHSLFWXUH
7KXVWKHGLOHPPDLQWKHWLWOHRIWKLVVHFWLRQDFWXDOO\GRHVQRWH[LVWVLQFHWKHWZRDSSURDFKHVDUHERWKWKHEHVW
ZKHQDSSOLHGFRPELQHG
&RQFOXVLRQ
7KLVSDSHUSUHVHQWVWKHVHFRQGSDUWRIWKHUHYLHZRIWKHPRVWLPSRUWDQWZRUNVLQWKHDUHDRIPRGHOLQJWKHIUDFWXUH
SURFHVVHVLQFRQFUHWH+HUHDUHFRQVLGHUHGWZRRXWRIVHYHUDOPDMRULVVXHVWKHUHVHDUFKHUVDUHFRQIURQWHGZLWKZKHQ
VWXG\LQJWKLVILHOGVL]HHIIHFWDQGVFDOLQJODZVDQGSKHQRPHQRORJLFDOYHUVXVPLFURPHFKDQLFDODSSURDFKWRVROYLQJ
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WKHIUDFWXUHSURFHVVHVLQFRQFUHWH:RUNVRI9LOH%DåDQW6WURHYHQ)HUUHWWLDQGRWKHUVUHSUHVHQWPDMRUFRQWULEXWLRQV
LQ XQGHUVWDQGLQJ WKH IUDFWXUH SURFHVV LQLWLDWLRQ DQG GHYHORSPHQW LQ FRQFUHWH $OO WKH ZRUNV SXEOLVKHG RQ WKRVH
VXEMHFWVXQWLOQRZDUHH[SODLQLQJVRPHRIWKHDVSHFWVLQVHDUFKLQJIRUWKHVROXWLRQKRZWRH[SODLQXQGHUVWDQGDQG
SUHYHQWWKHFRQFUHWHIUDFWXUH7KHFRPSOHWHDQGILQDODQVZHULVVWLOOQRWLQVLJKW
$FNQRZOHGJHPHQW
7KLV UHVHDUFKZDV SDUWLDOO\ ILQDQFLDOO\ VXSSRUWHG E\ WKH0LQLVWU\ RI 6FLHQFHV DQG 7HFKQRORJ\ RI 5HSXEOLF RI
6HUELDWKURXJK*UDQWV21'\QDPLFVRIK\EULGV\VWHPVZLWKFRPSOH[VWUXFWXUHV0HFKDQLFVRIPDWHULDOV
210LFURPHFKDQLFVFULWHULDRIGDPDJHDQGIUDFWXUHDQG75'HYHORSPHQWRIVRIWZDUHIRUVROYLQJ
WKHFRXSOHGPXOWLSK\VLFDOSUREOHPV
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
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SS
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